introduction
It is well-known that high income inequality can have several undesirable political and social consequences, such as poverty and polarization of particular economic groups and regions. The high level of income inequality is also contradictory to the social components of the idea of sustainable development that has been initiated through the Lisbon Strategy and continued by the Sustainable Development Strategy and the Europe 2020 strategy. It can be seen that among the most developed countries in agriculture, the highest level of sustainability of development is observed where the level of income inequality is relatively low (see Kryszak, 2016) .
The regional diversification of Poland has been maintained since the 19 th century, when three different economic systems developed on its lands (Kukuła (ed.), 2010) . The diversity was influenced by the diversity of natural, organisational, economic and environmental conditions (Kopiński and Matyka, 2016) . The specificity of farmers' income distribution in particular regions is closely related to the socalled agricultural culture resulting, for instance, from different area structures of farms, soil quality, climate, and technical advancement. Currently, organisational and economic factors seem to have a greater impact on territorial differentiation of agricultural production than natural conditions. The voivodeships in which agriculture achieves high economic effects include the Wielkopolskie from the northwestern macro-region and the Kujawsko-Pomorskie from the northern macro-region. In these regions, structural changes and adjustment processes leading to the concentration and specialization of agricultural production are carried out faster and more efficiently than in other parts of the country (Michna, 2005) . The number of large-scale farms may also have a significant impact on the distribution of income and its inequality. The region characterized by a large number of such farms is the north-western macro-region, in contrast to the central and southern regions.
Income distribution of a population of households or groups of households distinguished by region, socio-economic group or family type are of special interest to economists and statisticians. A statistical analysis of income inequality among the households of farmers in Poland was carried out by Jędrzejczak and Pekasiewicz (2017) and covered the period between 2006 and 2014. The findings obtained by the Authors of the paper revealed high level of poverty incidence for this group of households in all the years under consideration (from 25.55% to 28.18%,). Simultaneously, the farmers' households were characterised by the highest share of very high incomes, i.e. equivalent incomes above a predefined wealth threshold (from 6.62% to 9.75%). This phenomenon was confirmed by very high values of income inequality indexes as the Gini and Zenga coefficients were G=0.475 and Z=0.586, respectively. Moreover, extremely high discrepancy has been detected between the extremal parts of the distribution.
The specificity of economic activity that is agriculture allows us to assume that the income distribution of farmers' households is closely related to regions of Poland. Therefore, the objective of this paper was to analyse income inequality of farmers by six macro-regions (NUTS1): central, southern, eastern, north-western,
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south-western and northern. For the analysis, statistical measures of inequality, poverty and wealth were applied, which are presented, e.g. in the works of Jędrzejczak (2011 ), Kot (2008 ), Silber (1999 . This analysis helped us to reveal the degree of economic inequality within particular macro-regions as well as to observe discrepancies between them in the year 2015.
The analysis focused on household available income, which is a basic income category within the Household Budget Survey. According to GUS (2016, pp. 18-19) : "household's available income is defined as a sum of household's current incomes from various sources reduced by prepayments on personal income tax made on behalf of a tax payer by tax-remitter (this is the case with income from hired work and social security benefits and other social benefits) by tax on income from property, taxes paid by self-employed persons, including those in free professions and individual farmers and by social security and health insurance premiums. The available income covers both income in cash and in kind, including natural consumption (consumer goods and services taken to satisfy household's needs from self-employment -in and outside farming) as well as goods and services received free of charge. Available income is allocated to expenditures and savings increase". To account for the influence of different household sizes on the results of the inequality and poverty analysis, for each household its available income has been converted into equivalent income. Equivalence scales are making it possible to compare material situation of households differing in size and demographic structure -in the study the new OECD scale was applied.
The first section is devoted to the presentation of selected statistical methods of income distribution and income inequality analysis, which will be used in further parts of the work. In the second section, the distribution of farmers' household income is compared with the distributions observed in other socio-economic groups. The next paragraph is devoted to the analysis of territorial differentiation of income distribution in the group of farmers' households. Both measures of income inequality as well as levels of poverty and wealth, poverty risk, intensity and depth in particular regions of Poland were taken into account. To assess income inequality the Gini coefficient was used, while in the poverty analysis, among others, at-risk-of-poverty rate and poverty gap indexes were applied. The basis of the calculations was the micro-data on household incomes derived from the Household Budget Survey conducted by the Central Statistical Office (pl. Główny Urząd Statystyczny, GUS) in 2015 research methodology Income inequality refers to the degree of difference in earnings among various individuals or segments of a population. Measures of inequality, also called concentration coefficients, are widely used to study income, welfare and poverty issues. Amongst numerous inequality measures the Gini (1912) and Zenga (1990 Zenga ( , 2007 coefficients are of the greatest importance. The Gini concentration coefficient is the most widely used measure of income inequality, mainly because of its clear economic interpretation.
The Gini inequality index, based on the well-known Lorenz curve, can be expressed as follows: (1) where: p = F(y) and F is a cumulative distribution function of income, L(p) is the Lorenz function given by the following formula: (2) where: μ denotes the expected value of a random variable Y, and F -1 is the inverse cumulative distribution function F.
The formulas given above can be applied under the assumption that a theoretical probability distribution describing empirical income data is well known In practice, inequality coefficients, including the Gini index, are usually estimated from empirical data coming from representative samples.
One can estimate the value of the Gini index from the survey data using the following formula:(3), proposed by Fei, Ranis and Kuo (1978) : (3) where: y (i) -household incomes in a non-descending order, w i -survey weight for i-th economic unit, -rank of i-th economic unit in n-element sample.
Formula (3) can be applied for individual data coming from random samples, e.g. samples obtained within the Household Budget Survey, as it incorporates survey weights available for each statistical unit and constructed on the basis of their inclusion probabilities. These weights make it possible to adjust for unequal selection probabilities and non-response bias.
A popular inequality measure based on income shares received by subsequent decile groups is the coefficient of maximum equalisation, also known as the Schutz index or the Pietra ratio:
for: I = {1,2, ... , 10}, S j > 0.1 and S j = where S j is income share of the j-th decile group GD j in the total income of all the households under consideration.
The coefficient of maximum equalisation given by (4) can be interpreted as the portion of the total income that would have to be redistributed, taken from the
decile groups having more than 10% of the total income of the population and given to the poorer decile groups, that is the groups having the shares in total income smaller than 10%, for there to be income equality. During a thorough income distribution analysis the problem of inequality measurement is usually interrelated with the estimation of poverty and (not so often) wealth indices for the population groups. Starting with the publication of Sen (1976) seminal paper, numerous poverty measures have been proposed and analysed but in practice the most popular are poverty indexes belonging to the FGT class (Foster--Greer-Thorbecke), which comprises three basic aspects of this phenomenon: incidence, depth and severity (see Panek, 2011) . The most popular poverty index is undoubtfully at-risk-of-poverty rate also called poverty head-count ratio: (5) where: n p is number of poor individuals or households (with income below the poverty line) while n denotes the number of all income receivers. It determines the share of households whose equivalent income (or consumption) is below a poverty threshold.
The poverty threshold is usually assumed as 60% of national median equivalent income -this approach is used in EU-SILC, the European Union Statistics on Income and Living Conditions, anchored by Eurostat. In some publications of the Central Statistical Office of Poland one can find another relative poverty line -50% of mean equivalent income. In this study we utilize the Eurostat poverty threshold equal to where Me denotes median of the equivalent household income in Poland. The head-count index (5) can be estimated from the n-element sample data by means of the following formula: (6) where: I i -indicator function taking value 1 when i-th household equivalent income is below a poverty line, and taking value 0 in the opposite situation, w i -survey weight for i-th economic unit.
Poverty gap index provides information regarding the distance of households from the poverty line. This measure captures the mean aggregate income or consumption shortfall relative to the poverty line across the whole population. It is obtained by adding up all the shortfalls of the poor and dividing the total by the population size: (7) where: y i is household equivalent income, denotes the poverty line (poverty threshold), n p is the number of poor households, n -population (or subpopulation) size. By replacing the number of households n by the number of the poor n p in the formula (7), we obtain an alternative poverty gap index:
It can be shown that:
The estimators of poverty gap indexes given by (7) and (8), which incorporate sampling weights w i , are the following: (9) and (10) The indexes (8) and (10) can be interpreted as minimum income that should have been transferred from the rich to the poor households to totally cancel poverty.
Poverty severity index (squared poverty gap) takes into account not only the distance separating the poor from the poverty line (the poverty gap), but also the inequality among the poor. It takes the form:
In the poverty severity index higher weights are placed on those households which are further away from the poverty line. To estimate the index (11) from the sample data we utilize the approach similar to that applied in the case of the poverty gap index, after squaring each poverty gap data (see: eq. (10)).
In the analysis of population wealth, a popular measure is the wealth incidence index, based on the share of the households whose equivalent income (or consumption) is above a wealth threshold, which can be established in many different ways e.g. as triple equivalent median income . It can be expressed by the following expression: (12) where: n r -is number of rich individuals or households (receiving income above a wealth threshold), n -denotes the number of all income receivers.
Using the idea of the poverty gap we can also determine the wealth gap that can be considered a measure of wealth depth. This measure should be based on the distances of all the rich households between their income and an arbitrary wealth threshold:
where: y r denotes the wealth threshold.
Other examples of statistical characteristics applied in the measurement of poverty and social exclusion can be found e.g. in Rusnak (2011) and Panek (2011) .
comparative analysis of income distribution of farmers with the other socio-economic groups
The empirical analysis presented in the paper was based on the data from the random sample obtained within the Household Budget Survey conducted by the Central Statistical Office of Poland in 2015. The research is focused on the material situation of the farmers' households, which are defined as "households whose exclusive or main (prevailing) source of maintenance is income from the use of private farm in agriculture. Additional sources of maintenance for this group of households may include old age pension, other types of pension or any other unearned income, hired work, self-employment or free profession. The income gained from additional sources is lower than that from the private farm in agriculture" (GUS, 2016, p. 29) . For the calculations the study used the so-called micro or individual data, i.e. information at the level of individual respondents (households).
The Household Budget Survey (HBS) plays an important role in the analysis of the living standards of the Polish population. It is the basic source of information on the revenues, outgoings, quantitative food consumption and other aspects of the living conditions of particular groups of the population. The data obtained from this survey allow for the analysis of different factors influencing income distribution and its inequality. HBS is based on the representative method which allows for the generalisation of the results to the whole population of households within a margin of an error. In the Household Budget the survey unit is a one-person or multi-person household. In 2015, the randomly selected sample covered 37 148 households, i.e. approximately 0.3% of the total number of households in Poland.
The adopted sampling design was a geographically stratified and two-stage one with different selection probability at the first stage. The sampling units for the first stage (primary sampling units, psu) were the area survey points (asp), and those for the second stage (secondary sampling units, ssu) -were dwellings. The first stage sampling frame was based on the records of statistical areas (sets of areas) designed for the National Census purposes and updated annually by the changes resulting from the administrative division of the country as well as construction of new and dismantle of old houses.
Prior to sample selection, the asp were stratified separately for every voivodeship by 6 classes of locality. Big cities usually constituted separate strata. In small cities and rural areas the strata were composed of groups of asp comprising neighbouring, partly rural poviats (by NTS3 nomenclature). In total, 191 strata were
* created, out of which 58 were located in rural areas. Primary sampling units were selected separately from each strata by means of the systematic sampling from randomly permutated units ( i.e. Hartley-Rao scheme). In 2015, two subsamples, consisting of 783 asp each, were used. The monthly rotation of households implemented since 1993 assumes that every month of the year a different group of households participates in the survey. It was assumed that each dwelling (household) should have the same sampling probability what is known as the self-weighting sampling design. That is why sample of 675 asp was divided approximately in proportion to the number of dwellings in the strata. Simultaneously, primary sampling units were selected with probabilities proportional to their sizes assumed as the numbers of dwellings in each asp. At the second stage, the constant number of 24 ssu from each psu were selected.
What is especially important from the point of view of this research, starting from 2005 the number of asp in rural areas were increased by 50% for the more precise results concerning farmers' households. Additionally, the sample of 108 rural asp was drawn and divided in proportion to the number of dwellings in rural strata. Because of non-participation of a part of households there is a difference between the structure of the surveyed sample and that of the selected one revealed by the socio-demographic traits. Therefore, the survey results were weighted with the use of the 2011 National Census data, broken down by the number of persons in households and place of residence (urban and rural areas). In the HBS data set, besides the basic categories of income and expenditures of households, there are the sampling weights that were used in this study to generalise from the sample to the whole population.
At the first step, the comparative analysis of income distribution of farmers with respect to the other socio-economic groups were carried out.
It is worth noting that income and wage distributions are usually unimodal, positively asymmetrical and present high kurtosis, i.e they tend to have heavy tails relative to the normal distribution. The Dagum model, belonging to the class of Burrtype-III curves, is considered one of the best theoretical distributions to describe income size distributions in different divisions (Kleiber and Kotz, 2003) .
The results of the approximation of income distributions in Poland by means of the Dagum model, for each of five socio-economic groups and for the whole country, are presented in Figure 1 . High values of the coefficients of distributions similarity (also called the overlap measure, which is based on the comparison between empirical and theoretical frequencies for all income intervals), reveal satisfactory goodness of fit for all the distributions under consideration. Analysing the results presented in Table 1 , there is a significant discrepancy between the mean and median income of farmers' households. The mean income is definitely higher, which indicates a strong positive asymmetry of the distribution caused by the occurrence of extremely high observations. The median income, being a more adequate measure of the average level of this phenomenon, shows that the group of farmers has income below the average observed for the whole country. It can also be noticed that farmers' households constitute the group with the highest income inequality among the five distinguished socio-economic groups. This is confirmed by the range (difference between the maximum and minimum household income) as well as the standard deviation. Inequality measures estimated in the study -the Gini index and the coefficient of maximum equalization -confirm that the farmers' households are a socio-economic group presenting the highest income inequality (Table 2 ). As much as 1/3 of the total income of this group would
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have to be transferred from richer to poorer individuals so that the income would be equally distributed among all households ( = 33,88%). Households of farmers are also highly polarized -the percentage of poor households is high (29%) and, at the same time, the percentage of farms considered rich is the highest (7.7%). Additionally, the indices determining the poverty intensity and severity take the highest values. These findings emphasize the need to recognise differential effects of socio--economic status on income distribution and its inequality. Available incomes of the households of farmers in comparison to other socio-economic groups in Poland in 2003-2014 were also analysed in Grzelak (2016) .
analysis of income distribution of a group of farmers by macro-region
Income distributions of farmers' households were analysed according to six macro-regions of Poland: central, southern, eastern, north-western, south-western and northern. Individual regions are characterized by specific features that stimulate or inhibit the development of agriculture, which can obviously affects the income of farmers' households. In fact, farmers' households from the northern and north-western regions achieved the highest incomes (the means were equal to PLN 3147.58 and PLN 3084.99 respectively, and the corresponding median incomes were: PLN 1953.14 and PLN 2107.18), while the southern region was characterized by the lowest income (mean=PLN 2073.95, median=PLN 1566.24) which was definitely lower than for the entire socio-economic group of farmers. Such results are, above all, affected by natural and climatic conditions. Moreover, the highest dispersion of household income was also observed in the north-western region (standard deviation was PLN 5714.97). The sample sizes for particular regions, obtained after the division of the overall sample of 1509 farmers' households, were found too small to precisely estimate the Dagum model parameters.
Similarly to Table 2, Table 3 presents the measures of income inequality, poverty and wealth, estimated for particular macro-regions, except for the coefficient of maximum equalisation, which was omitted due to insufficient sample sizes. In the south--western macro-region, there were no sampled households with incomes higher than the wealth threshold, which did not allow to determine the wealth index for this region.
In Figures 2-5 we can observe territorial differentiation of selected statistical characteristics of income distribution of farmers' households. Figures 2 and 4 show that the poorest eastern and southern regions have the highest at-risk-of-poverty rates for farmers' households, equal to 39.8% and 35.9%, respectively (Fig. 4) . But the smallest percentage of poor households (22.9%) was observed in the central region. The richest region from the point of view of the studied group turned out to be a highly polarized region of north-west. It is in this macro-region and in the northern macro-region that the highest percentage of households with incomes exceeding three times the median of equivalent income were observed (Fig. 5) . In the south-western region, however, the poverty depth and poverty severity indexes were the highest and equaled 51% and 33.6%, respectively (Table 3 ). This may result from significant differentiation within the group of households considered poor. E .� �33.88% Source: own elaboration.
The largest income inequalities measured by the Gini index were observed among the farmers' households in the northern (0.491), north-western (0.477) and eastern (0.484) macro-regions (Fig. 3) . The Gini index is higher there than the index for the group of farmers and definitely higher compared to the Gini index calculated for all Polish households (0.266). An interesting phenomenon is the overlapping of the areas with the largest inequalities, both with poor areas (the eastern region) and the richest ones (north-western region). This situation concerns to a certain extent also other groups of households and results partly from the specificity of the process of economic transformation in Poland. Source: own elaboration. Fig. 4 . At-risk-of-poverty rate for farmers' households by macro-region in 2015.
Source: own elaboration.
It should be noted that the northern macro-region is the area with the highest concentration of farmers' incomes and also the highest polarization of these incomes -households with extremely low income (below 60% median) or achieving very high income (over three times the median) make up almost 40% of the total population there. In turn, income distribution in the south-western region can be considered the most egalitarian -presenting the smallest Gini index, a small percentage of poor households and the lack of extremely high incomes. Source: own elaboration.
conclusions
The objective of the paper was to analyse the distribution of income of farmers' households in Poland in 2015. In particular, the levels of inequality, poverty and wealth have been taken into account.
Using a variety of statistical measures, the material situation of farmers' households with the situation of other socio-economic groups was compared. Against the background of other socio-economic groups, the group of farmers' households is characterized by a high level of average income, but at the same time the distribution of income observed in this group is highly concentrated. The result is, on the one hand, a very high percentage of people at risk of poverty and, on the other, a high percentage of very wealthy households.
Regional income inequality analysis revealed that the southern region is characterized by the lowest farmers' income, the highest percentage of households reaching income below the poverty line assumed as 0.6 median income of all households in Poland and a very low percentage of households with income above the value of three medians (and considered rich). It seems that in the north-western region the income situation of farmers' households is the best.
An interesting phenomenon is the overlapping of the areas with the largest inequalities, both with poor areas (the eastern region) and the richest ones (north--western region).
The application of the formulas incorporating sampling weights increased the accuracy of the estimates, but unfortunately sample sizes obtained for macro-regions within the Household Budget Survey may be too small to confirm reliable results when contrasting farmers' households in regions compared to the results obtained for other socio-economic groups.
The analysis allowed to assess the risk of poverty and identify groups of most affluent households what can be helpful for social-policy makers focused on sustainable development. The problem of regional differentiation of farmers' households needs further research taking into account, e.g. types of agricultural activity carried out in particular macro-regions.
